Bryophyte flora of Estonia includes 512 species and 189 of these are known from up to 7 localities and considered as rare. Their frequency within Estonia is mapped. Some ecological factors influencing the distribution of rare species are studied by the comparison of ecological indexes of rare and common species, separately for mosses and liverworts. The majority of rare species are more hygrophilous than common species. Many rare species grow in Estonia close to their ecological limits. There are no rare bryophytes that can inhabit several different substrata. The percentage of species growing on stones and in water is much higher in rare bryophytes.
INTRODUCTION
The Estonian bryoflora consists of 512 species, 398 mosses and 114 liverworts (Anthocerotopsida & Marchantiopsida) . The number of species is quite high for the relatively small area of Estonia (ca. 45 000 km 2 ). This could be explained by the great diversity in habitats arising from the nature of the bedrock and the relatively extensive seminatural areas. Along the coast of northern Estonia and the island of Saaremaa runs a glint where the Cambrian and Ordovician calcareous rocks are exposed. The bedrock in southern Estonia consists mainly of Devonian sandstone and clay. A large number of erratic boulders were deposited across Estonia during the last glacial period, and they are found more densely in its northern part. Due to the influence of the Baltic Sea the climate in northern and western Estonia is milder and moister than in the South and East. About 22% of the territory of Estonia is covered with mires and ca. 40% with forests.
MATERIAL AND METHODS
We have delimited as rare the species which have up to 7 localities in Estonia. The total number of such species is 189 (128 mosses and 51 liverworts). The list of rare species (see Appendix) was compiled using the list of Estonian bryophytes (Ingerpuu & al., 1994 ). Two additional rare species (Aloina rigida (Horn.) Kindb. and Dicranella humile Ruthe) have been found by L. Kannukene later. The percentage of rare bryophytes in Estonia is 37%, 34% among mosses and 46% among liverworts.
The map of frequency of Estonian rare bryophytes ( Fig. 1) has been compiled on a UTM 10×10 km grid using the program DMAP by Alan Morton (1992 version).
The relative distribution of Estonian bryophytes according to ecological indexes (Duell, 1991) and substrata was studied using the statistical program package Statgraphics Vers. 5.0. The rare and common species of liverworts and mosses were analyzed separately. Comparisons were made between the rare and common species groups for liverworts and mosses. 14 rare mosses (marked with * in Appendix), twelve common mosses and one common hepatic were excluded from the comparison of ecological indexes and three rare hepatics and seven rare mosses (marked with ** in Appendix) were excluded from the comparison of substrata due to lack of data.
RESULTS AND DISCUSSION
As can be seen from the map (Fig. 1) , the rare bryophytes are distributed over almost all of the Estonia. The white areas in the centre of the country are largely explained be the insufficient investigation; also there is much more arable land in these regions. Rare bryophytes are more frequent and abundant in the western and northern Estonia, also on the islands where there are numerous limestone outcrops and the climate is milder and moister. A great number of rare bryophytes are found on the Glint and in several nature reserves. These areas are less influenced by man, contain many different habitats and are better investigated. The large number of rare bryophytes near the Tallinn, Tartu and Paernu can be explained by more thorough investigations there since the middle of the last century.
Unfortunately, it is likely that many rare species have disappeared from the vicinity of these towns due to the rising of human impact. The extent of investigation is one of the main factors determining the distribution pattern of rare bryophytes on the whole map. An example demonstrating this is the "discovery" of the Jalase Village Reserve by Estonian bryologists in 1992, where new localities for 20 rare species were found.
By comparison of the ecological indexes in groups of rare and common species several interesting tendencies were noted. No essential differences were found between the distribution curves of the rare and common groups according to the light and reaction indexes.
The percentage of species with a low temperature index (1) is about 5 times higher in the group of rare mosses as well as in the group of rare liverworts in comparison with the common species groups. The percentage of species with high temperature indexes is also several times greater in the group of rare mosses and in the group of rare liverworts (Fig. 2) .
According to the continentality indexes the percentage of species of oceanic tendency (indexes 2-4) is higher in both rare groups and the percentage of continental species (indexes 7 & 8) higher in the group of rare mosses (Fig. 3) .
The differences in humidity index curves show the tendency of rare species from both groups to require moister habitats (Fig. 4) .
There are some interesting differences in the substrata preferences of rare and common bryo- Temperature indexes: 1 -cold; 2 -between 1 and 3; 3 -cool; 4 -between 3 and 5; 5 -temperate; 6 -between 5 and 7; 7 -warm; 8 -between7 and 9; 9 -extremely warm. Fig. 5 . Substrata: G -ground; GS -ground and stones; M -many substrata; S -stones; STstones and trunks; DG -decaying wood and ground; T -trunks; TD -trunks and decaying wood; W -in water; D -decaying woood; SD -stones and decaying wood; C -dung and carcasses; TG -trunks and ground. Fig. 4 . Humidity indexes: 1 -extremely dry; 2 -between 1 and 3; 3 -dry; 4 -between 3 and 5; 5 -moderately moist; 6 -between 5 and 7; 7 -moist; 8 -between 7 and 9; 9 -prolonged wet period.
phytes (Fig. 5) . The percentage of species growing on stones (S) and in water (W) is much higher among all rare bryophytes. Only common species are able to grow on many (more than two) different substrata (M) and the percentage of those who grow on the ground and on decaying wood (DG) is much higher among common bryophytes. The difference between mosses and liverworts is that the percentage of species growing on the ground and on stones (GS) is higher among rare liverworts whereas for mosses the opposite is true. The moss species which grow on dung and carcasses are mostly rare, too. CONCLUSIONS Rare bryophytes are more common in northern and western Estonia due to climatic and bedrock conditions.
The majority of Estonian bryophytes are temperate-boreal (temperature index 3), subcontinental (continentality index 6) species preferring habitats which are moderately moist or with prolonged moisture periods and grow on the ground.
Many rare species have the extreme indexes of temperature and continentality, i. e. are close to their ecological limits. The majority of rare species in Estonia are more hygrophilous than common species.
There are no rare bryophytes that can inhabit several different substrata.
The percentage of species growing on stones and in water is much higher among all rare bryophytes.
